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(54) fWethod of incorporating drugs into a polymer component of stents 



(57) The drug-loaded polymeric material containing 
a therapeutic drug can be applied lo a structure of an 
intravascular stent A therapeutically effective amount 
of a therapeutic drug is incorporated Into such a layer ot 
polymeric material, w'lhout signincanlly incraasing the 
thickness of the stent, to avoid interfering with the lunc 
lion of (he stent. The drug-loaded polymer coating of the 
stent can formed to Include pores, can bs multi-layered 
lo permit the combination of a plurality of different drug 
containing materials in a single stent, and can include a 



rate controlling membrane to allow lor controlled reten- 
tion and dslivary of salectad drugs within the affected 
blood vassal upon implanialion. The layer of polymeric 
material is manufactured by combining the selected pol- 
ymeric material with a rglalively high loading of the Iher- 
apeutic drug In a thermal process, such as coexirusion 
of the therapeutic drug with the polymeric material. The 
Iherapeulic drug is dispersed and incorporated into the 
polymer as small particles, preferably having a maxi- 
mum cross-sectional dimension of 10 rrucfons. 
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Ocscriptton 

BACKCaOUND OF THE INVENTION 

Fiaic of ihe Inveniion 

This inveniicn relales genorally lo expandable in- 
Iraiuminal vascular grafts, generally referred to as stents 
and. more particularly, concerns stents coated with a 
polymer component capable of carrying and rolaasing 
thorapeuiic drugs, and a method of incorporating ihar- 
apeutic drugs into the polymer component of such 
stems. 

Description of Related Art 

Systemic administration of some therapeutic phar- 
maceutical drugs, in order to provide an efficacious con- 
centraticn of the drugs at a (ocatlzed area of interest, 
can produce serious systemic side effects. Local admin- 
istration cl a therapeutic drug can be significantly more 
fiftoctiva and produce fewer side eflects than systemic 
dQlivery, panicuiarly foranlicoagulants used for prevent- 
ing thrombosis of a coronary sianl. and cytostatic agents 
applied for reducing post-angioplasly, prolilerallon of 
vascular tissus, which is a factor whon restenosis oc- 
curs following an angioplasiy procedure. 

There thus has been a need in mcdern medicine for 
techniques for local dQlivary of therapeutic drugs. In one 
technique, catheters have been used to deliver thera- 
peutic drugs in a solution used to baihe the tissue tor a 
short period of time, which is effective lor administration 
of thrombolytic drugs, or lo inject the drug solution rilo 
the tissue surrounding the area of interest. IHowever, the 
therapeutic effect of drugs delivered by this method gen- 
erally is relatively short, as the drugs commonly are 
eliminated easily from the delivery site. 

Therapeutic drugs have been Incorporated into rel- 
atively permanent structures for bnger term detivery of 
the drugs at the site of interest. For example, extravas- 
cuiar wraps having a relatively targe quantity of a drug 
in a bandage structure can be applied around the exte- 
rior of an artery. Although work in animals has shown 
that this technique is e Recti ve for local anticoagulation 
with heparin, it has limited practical utility in human be- 
ings, since an invasive operation is required lo plaoe the 
extravascular wrap at the site of interest. 

* In another technique, coatings of "therapeutic drugs 
have bean applied lo stents in order to provide sustained 
delivery of the drugs at the site of interest. However, 
coatings thick enough to provide a therapeutically effec- 
tive amount of the drug can severely comprbmiso the 
(unction of the stent, and very thin coatings that do not 
impede the furKlion of the stent, such as heparin coal- 
ings with a thickness of several microns, typically do not 
deliver a therapeutically elfecUve amount of the drug. 

It would be desirable to provide a method of incor- 
porating a thcrapcultcally ctfcctivo amount of a thera- 
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peulic drug inio an intravascular layer of poiymcfic ma- 
terial which can be applied to a relatively permanent In- 
travascular device, such as a sient. that docs not require 
an invasive cparailon for placement of the davica. in a 
s manner that would not Interfere with Ihe functioning of 
the stent. 

SUMMARY OF THE INVENTION 

JO Briefly, and in general terms, pa'ticular embodi- 
ments of the invention provide (or a polymcrtc material 
containing a therapeutic drug for application to a struc- 
ture of an intravascular stent, and a method of incorpo- 
rating a therapeutically effective amount of a therapeutic 

IS drug into a potymeric nnatarial for application to the 
structure of an intravascular stent, which when applied 
to Ihe structure of the stent will net significantly increase 
the thickness of the stent, and thus will not interfere with 
the function of the stent. 

20 Accordingly, in one embodiment the inveniion pro- 
vides for a polymeric material containing a therapeutic 
drug, for application lo a thin reinrorccment or str^jctural 
member of the stent on at leas: one side, for carrying 
and releasing the therapeutic drug. The thin reinforce- 

2S ment provides the slructural strengih required tor main- 
taining the patency of the vesset :n which the stent is 
placed, and the polymar ccating provides the stent with 
the capacity for carrying and reiessing therapeutic drugs 
at Ihe location of the stent cf the vessel in which the 

30 slent is placed. The polymer coaling can be formed lo 
include pores or lo contain a material which will dissolve 
or degrade to form pores in the polymeric material, can 
be multi-layered to permit the combination of a plurality 
of different drug containing materials in a single stent. 

3S and can include a rate -con trolling membrane to allow 
for controlled retention and daltvery of selected drugs 
within the affected blood vessel upon implantation De- 
pending upon the construction and lamination of the 
slent. drugs can be released simultaneously or sequen- 

'to tially, on the exterior surface of Ihe stent to a blood ves- 
sel wall, and directly into the bloodstream, as desired. 

Embodiments ol the present invention also provide 
tor a method of incorporating a therapeutic drug into a 
polymeric material. In one preferred embodiment of the 

4S method ol Ihe invention, a layer of polymeric matenal is 
manufactured by combining Ihe selected polymeric ma- 
lerial with a relatively high loading of Iho therapeutic 
drug in a thermal process, such as coextrusion of the 
therapeutic drug with the polymeric material, for exam- 

SO pie, although other thermal processes such as molding 
or calendaring may also be suitable. The polymeric ma- 
terial preferably is selected to have a relatively ksw 
processing temperature, at which the drug of interest is 
thermally unstable. In another preferred embodiment of 

55 the method of Ihe inveniion. particularly where the drug 
ol interest is thermally unstable and a low temperature 
processing polymer is not suitable, the layer of the sc- 
loctQd polymeric material can be formod by solvent cast- 
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ing Of by ccaiing ihe polyme/ic material wiih the selected 
therapeutic drug. In either a thermal process, such as 
coaxifusion. or a low or ambient lemperature process, 
such as sclvani casting, the theraceutic drug can be dis- 
persed ana Incorporated into a pciymer as small parii- s 
cles. preferably having a maximum cross-sectional di- 
mension of about lO^cnicrons. 

These and other aspects and advantages of Ihe in- 
vention will become apparent from the following detailed 
description, and ihe accompanying drawings, wfiich il- to 
lustralo by way of oxampta aspects of IhG invonlion. 

BRIE? DESCBIPTION OF THE DRAWINGS 

Pig. 1 is a cross -sectional view of an extrusion ap- ts 
paralus for use in combining a therapeutic drug wKh 
a polymer component of a stent according to a 
method embodying the invention; 
Fig. 2 is a diagrammatic view of a laminaling appa- 
ratus that can be used lor laminaling the reinforce- 2o 
msnt member ol the stenl on one side with a drug- 
loaded polymeric film; and 

Fig. 3 is a diagrammatic view of a laminalion appa- 
ratus that can be used lor laminating the reinforce- 
mani member of the stent on two sides with a drug- 2S 
loaded polymeric Film. 

DETAiLED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

JO 

Local administration of Iherapeulic drugs lo avoid 
the serious side effects that can result from systemic ad- 
ministration of seme therapeutic drugs can rasull in lim- 
itation of the effective duration of tho drug to a relatively 
short period of lime, due to eliminalion of the therapeutic 3S 
drug from the deiivary site. Administration of therapeutic 
drugs to a blood vessel by a relatively permanent intra- 
vascular devica lo provide a longer effective duration of 
localized drug tharapy also poses the problem of pro- 
viding a Iherapeulically effective amount of the drug 40 
wiihcul substantially increasing the thickness of the de- 
vice, which increased thickness could injure or block the 
vessel when the device is deployed. 

Aspects of the invention accordingly are embodied 
in a polymeric material containing a therapeutically cf- 
lective amount of a therapeutic drug that can bo com- 
bined with Ihe reinforcement structure of an intravascu- 
lar stenl. and a method of incorporating the therapeutic 
drug into the polymeric material and forming the poly- 
meric material as a Ihin layer containir^g a therap'euti- 50 
cally effective amount of the therapeutic drug, to be in- 
corporaied in the stent without significantly increasing 
the thickness of the stent 

As is illustrated in the drawings, in one preferred 
embodiment, a selected therapeutic drug is preferably ss 
inlimalely mixed wilh the selected polymeric material so 
as lo uniformly disperse Ihe therapeulic drug in the pol- 
ymeric material. Tho specific method of uniformly dis- 



persing Ihe iheraoeutic drug in the polytncr can vary, 
and CQoends upon :he stability ol ine therapeutic drug 
lo thermal processing. However, in a preferred errjbod- 
iment. Ihe therapeulic drug is uniformly dispersed in the 
polymeric material by coexirucing small solid panicles 
of the selected theraceutic drug wAh the selected poly- 
meric material, as is illustrated in r:g. i. Such an extru- 
sion apparatus 10 typically includes a hopoer into which 
the polymeric malerial and small panicles of the select- 
ed therapeutic drug are added together, and into wtiich 
a porosigen can also be added, il desired. The extruder 
also typically Includos a lead scrsw 14 that drives and 
intimately mixes the ingredients together, to uniformly 
disperse the small particles of the therapoutic drug, and 
if desired, a porosigen as well, in Ihe polymeric material. 
The barrel 16 cf^the extruder preferably is healed by 
temperature controlled heaters ia surrounding the bar- 
rel in stages. A motor 20 and associated gears are pro- 
vided to drive the lead screw, and a cooling system 22 
also is typically provided. This melhod of intimately mix- 
ing the therapeulic drug and pclymeric material can 
yield a relatively high and uniformly distributed loading 
ol the therapeutic drug in the poly/r.sr. While a currently 
preferred loading ol the therapeulic drug is no more than 
about 40% by weight, drug loadings as high as 70% by 
weight depending upon the specific application and in- 
teraction of the polymer with the drug, have been 
achieved by this method. The drug-leaded polymer can 
be exiruded into an appropriate shape, or subsequently 
can be calendared lo produce a drug -loaded polymer 
film having a smooth surface, with ihe therapeutic drug 
uniformly dislribuled in Ihe lilm. 

The selected therapeutic drug can. for example, be 
anticoagulant, antiplatelet or aniithrombin agenls such 
as heparin. D-phe-pro-arg-chloromelhylkctone (syn- 
thetic aniithrombin), dipyridamole, hirudin, recombinant 
hirudin, thrombin inhibitor {avail?.ble from the Bbgon 
Company), or c7E3 (an anlipIateleJ drug from the Cen- 
tocore Company); cytO€latic or anliproIifGralivo agents 
such as angiopeptin (a somatoslatin analogue from the 
Ibsen Company), angiolensin-converting enzyme inhib- 
itors such as Caplopril (available from the Squibb Com- 
pany), Cilazapril (available from the Hoflman-LaRoche 
Company), or Lislncpril (available from the f\/1ercK Com- 
pany) calcium channel blockers (such as Nifedipine}, 
colchicine, fibroblast growth factor (FGF) antagonists, 
fish oil (omega 3-fatty acid), low molecular weight 
heparin (available from the Wyeih and Glycomed Com- 
panies), histamine antagonists, Lovastatin (an Inhibitor 
ol HMG-CoA reductase, a cholesterol lowering drug 
from the Merck Company), metholrexate. monoclonal 
anlibodies (such as to POGF receptors), nitroprusside. 
phosphodiesterase inhibitors, prostacyclin and prosta- 
cyclin analogues, prostaglandin inhibitor (available from 
the Glaxo Company), Seramin (a PDGF aniagonisl). se- 
rolonin blockers, steroids, thioprolease inhibitors, and 
triazolopyrimidlne (a POGF antagonist). Other thera- 
peulic drugs which may be appropriaia include alpha- 
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interteron and gGneiically ongineefed epiihelial cells, tor 
example. 

The particles o/ iho dosirod '.herapouiic drug pref- 
erably are lo/med by air milling of crystals of the Ihera- 
peutfc drug to form microgranules of the therapeutic 
drug. This method is preferred because it typically pro- 
duces no heat and gonorally dees not lead to conlami- 
natron of the therapeutic drug. The particles of the de- 
sired therapeutic drug can also be formed by recrystal- 
hzation. ball milling or grinding, as long as generation of 
heal and possible contamination are closely controlled. 

The particles of the desired therapeutic drug pref- 
erably are formed to have a maximum cross-sectional 
cimansion of about 10 microns. An average particle size 
of lass than 10 microns, and a uniform distribution of the 
particles of the therapeutic drug in the polymeric mate- 
rial, are critical to provision of a theraoeutically effective 
amount ol the therapeutic drug in the layer ol polymeric 
malarial to be applied to the structure of the stent, be- 
cause the layer of polymeric material lypically can be as 
thin as 25 microns. The size and cislribution of the par- 
ticles of the therapeutic drug also can affect the physical 
properties of the polymer 

In a pfsferred embodiment of the method ol Ihe in- 
vention, ihepalymeric material in which th9 therapaulic 
drug is incorporatad has a relativeiy low processing tarn- 
peraiure. such as polycaprolaclcne. having a process- 
ing temperalure of approximately £C'C. poly(ethylene- 
co-yinyl acetate) or poly(vinyl acetate), having process- 
ing temperatures ol approximately lOCC. or silicone 
gum rubber, having a processing temperature of about 
40''C, for example. Other polymers having atmilar rela- 
tively low processing temperatures also may be sutla- 
blc. Other polymers which may be suitable include non- 
degradablc polymers capable of carrying and delivering 
Iharapeutic drugs, and biodegradablefbioabsorbable 
polymers capable of carrying and delivering therapeutic 
drugs, such as poly-DL-laclic acid (DL-PLA), and poly- 
L-lactic acid (L-PLA), polyorttioesters. polyiminocar- 
bonates. aliphatic polycarbonaies. and polyphosp- 
hazenes. 

■ Alternatively, Ihe therapeutic drug can be com- 
pounded with the polymer by calendaring the ingredi- 
ents, such as in a two-roll mill, for example. This method 
also can yield a relatively high and uniformly distributed 
loading of the therapeutic drug In the polymer 

. A pofosigen also can be incorporated In ihe drug- 
loaded polymer by adding the porosigen to the polymer 
along with the therapaulic drug to form a porous, drug- 
loaded polymeric mambrane. A porcsigen is defined - 
herein for purposes of this application as any moiety, 
such as microgranules of sodium chloride, lactose, or 
sodium heparin, for example, which will dissolve or oth- 
erwise will be degraded when immersed in body fluids 
lo leave behind a porous network in the polymeric ma- 
lerial. The pores lefl by such porosigens typically can 
be a large as 10 microns. The pores formed by porosi- 
gens such as polyethylene glycol (PEG), polyothyleno 
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oxide/polypropylene oxide (PEC/PPO) copolymers, for 
example, also can be smaller than one mtcron. although 
other similar materials which form phase separations 
from the continuous drug-loadad pclymenc matrix and 
can later be leached out by body fluids also can be suit- 
able for forming pores smaller than one micron. While 
currently it is proforrcd lo apply the polymeric material 
lo the structure of a stent during Ihe lime thai the ther- 
apeutic drug and porosigen material are contained with- 
in the polymeric material, to allow the porosigen lo be 
dissolved or degraded by body fluids when (he stent is 
placed in a bfood vessel, atlematively the porosigen can 
bo dissolved and removed from the polymeric material 
to form pores in the polymeric malarial prior to place- 
ment of the polymeric malerial combined with the stent 
within a blood vessel. 

If desired, a rate-controlling membrane also can be 
applied over the drug-loaded polymer, to limit the re- 
lease rate ol the therapeutic drug. Such a rate-control- 
ling membrane can be useful for delivery ol water solu- 
ble substances as to which a nonporous polymer film 
would completely prevent diffusion ol the drug. The rate- 
controiling membrane can be added by applying a coat- 
ing from a solution, or a lamination, as described previ- 
ously. The rate-controlling membrane applied over the 
polymaric material can be formed to include a uniform 
dispersion of a porosigen in the rale-controlling mem- 
brane, and the porosigen in the rale-conirolling mem- 
brane can bs dissolved lo leave pores In the rate-ccn- 
irolling membrane lypically as large as 1 0 microns, or 
as small as 1 micron, for example, although the pores 
also can be smaller than 1 micron. The porosigen in the 
rale-conlrolling membrane can be. for example, sodium 
chloride, lactose, sodium heparin, polyethylene glycol, 
polyethylene oxidc/polypropylcnc oxide copolymers, 
and mixtures thereof. 

The drug-loaded polymer can be laininated to the 
surface of a stent. The inner reinforcement structure to 
which the drug-loaded polymer is laminated preferably 
is formed from a thin sheet of metal, such as stainless 
steel, although other melals such as platinum-iridium al- 
loy, molybdenum-rhenium alloy, tantalum, gold, combi- 
nations thereol and other similar materials also may be 
suilable. The inner metal reinforcement structure of the 
stent preferably is laminated with polymer films on each 
side, with at least one coating of a polymer film. Aller- 
naltvely, the reinforcement structure also can be coated 
on one side, if desired. At least one laminating polymeric 
film capable of absorbing and releasing therapeutic 
drugs is placed on at least one side of the reinforcement 
member of the stent, and the laminating polymeric film 
is heated to its appropriate processing temperature to 
bond the laminating polymeric film to the surface of the 
inner stent member to form a laminated stent member. 

When the structural reinforcement member 30 of 
Ihe stent is lo be laminated on one side only, Ihe rein- 
forcement member and polymer film can be bonded by 
a typical two-ply fusion lamination system 32. as is iltus- 
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(raied in Fig. 2 The two-ply laminating slack typically 
includes an idler roll 24 receiving a sheet oi the rain- 
forcement members 20. anc3 a lay-on roll 3S receiving 
the drug.;oaded polymeric film 28. The reinlorcameni 
member 20 and drug-loaded polymeric film 28 are 
pressed into intimate contact between Ihe laynDfi roll and 
(he healing and combinirg drum 33. and can be heated 
by the drum and lake-cf( heat roll 40. where the rein- 
loicemenl member and crug-loaded lilm laminate can 
bo ulilized for further processing In making the drug- 
loaded slent. 

When the reinforcement member is to be laminated 
on bolh sides, the reinforcement member 30 and drug- 
loaded polymeric film layers 29. 29 can be bonded to- 
gether by typical thrsa-;iy lusion lamination rolls, as is 
illuslraied in Fig. 3. Such a three-ply fusion lamination 
system 42 lypically can include a first preheat roll sys- 
lem 44 lor receiving and preheating one drug-loaded 
polymeric film 28. a second preheal roll system 4S for 
receiving and prehealmc the sheet of reinlorcemenl 
members 30. and a lay-on roll 48 for pressing the rein- 
lorcemenl member and first drug .foaded polymeric lam- 
inaltng film logether in intimate contact against the heat- 
ing-and-combining drum 50. A third preheat roll system 
52 can ba provided for receiving and preheating the sec- 
ond drug -loaded polymoric laminaling film 29. and a lay- 
cr: fell 54 presses the second drug-loaded polymeric 
laminating film and reinfcrcement member logether in 
inlimate contact against the drum. The reinlorcement " 
member and two layers of lam.inating liim can be further 
heated by the drum and lake-olf heal roll 53, and re- 
moved lor further processing in making the drug-loaded 
stem. Other laminaling systems thai combine the rein- 
lorcemenl member with cne or moie of the drug-loaded 
polymeric laminating films also may be suitable. Alter- 
natively, ths polymeric film can ba applied by solvent 
casting, or by adhering the film to the surface of the inner 
stent member with a biccompaUbIa adhesive. 

Any excess polymer extending beyond the desired 
edges of orifices or the oulside edges of the stent pref- 
erably is removed, typically by culling wilh a laser (not 
shown), such as a continuous CO^ laser, a pulsed yt- 
Irium aluminum gamel (YAG) laser, or an excimer laser, 
lor example, although the excess polymer also can be 
removed by stamping and the like. 

It thus has been demonstrated that the described 
embodiments provide for a polymeric material contain- 
ing a therapeutically elieciiva amount ol a therapeutic 
drug that can be combined wilh a reinlorcement stoic- 
lure of an intravascular slant, and a method of incorpo- 
rating the therapeutic drug into the polymeric material 
for combination wilh the stent. ar>d for forming the pel- 
ymeric material as a thm layer containing a Iherapeuli- 
cally effective amount ol Ihe therapeutic drug to be in- 
corporated in the stent wilhoyl significantly increasing 
the thickness of the stent. 

It will be apparent from the foregoing thai while par- 
ticular forms of the Invention have been illustrated and 
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described, various modificatjons can be made without 
departing Irom the sccpe ol Ihe invention. Accordingly, 
it is not intended thai Ihe inveniion be limited, except as 
by the appended claims. 



Claims 

1. A method of incorporating a therapeutically effec- 
tive amount of a therapeutic drug into a polymeric 
material for application lo an intravascular stent, the 
method comprising the steps of: 

forming solid particles of a therapeutic drug to 
have a maximum cross-sectional dimension of 
aboul TO microns: and 

uniformly dispersing said solid particles of said 
therapeutic drug in said polymeric material 
such lhal said parlicles of said Iherapeulic drug 
form up lo 707o by weight of the lolal weight of 
Ihe therapeutic drug and the polymeric materi- 
al. 

2. The method of clairr. 1 . wherein said step of forming 
solid particles ol said therapeutic drug comprises 
one or more of air miiling crystals of said therapeutic 
dnjg, recrysiallizing crystals of said therapeutic 
drug, ball milling crystals ol said therapeutic drug, 
or grinding crystals cf said therapeutic drug, 

3. The method of claim i, wherein saki therapeutic 
drug is selected Irom the group consisting of 
heparin, 0-phe-pro-arg-chloromethylkelone. dipyri- 
damole, hirudin, recombinant hirudin, thrombin in- 
hibitor, angiopeptin, angkstensin converting en- 
zyme inhibitors, calcium channel blcckers, colchi- 
cine, fibroblast growth factor antagonists, fish oil. 
omega 3-Ially acid, low molecular weight heparin, 
hislamine anlagonists. inhibitors of HWG-CoA re-, 
ductase, methotrexate, monoclonal antibodies, ni- 
Iroprusside, phosphodiesterase inhibilors. prosta- 
cyclin and prostacyclin analogues, prostaglandin 
inhibilor. PDGF antagonists, seroJonin blockers, 
sleroids, Ihioprolease Inhibitors. Iriazoiopyrimidine, 
alpha-interteron. and genelically engineered epi- 
thelial cells, and mixtures thereof. 

The melhod of claim 1 , wherein said polymeric ma- 
terial has a relatively low thermal processing tem- 
perature. 

The melhod of claim 1 . wherein said polymeric ma- 
lerial has a thermal processing temperature of not 
more than approximately 100»C. 

6. The melhod of claim 1 . wherein said polymeric ma- 
terial is selected Irom the group consisting of poly- 
caprolactonc. paly(cihylonc-co-vinyl acetate), poly 
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(vinyl acetate), silicone gum lubbcr. pofy-OL -lactic 
acid (OL.PLA). poly-L-laclic acid (L-PLA). poly- 
orthoestofs. polyiminocarbcnates. aliphatic poly- 
carbonatss. polyphosphazengs. and mixtures 
thereof g 

The method of claim 1. wherein said particles or 
said Iherapeutic drug comprise up lo 70% by weight 
of Ihe total welghl of the Iherapeuiic drug and the 
polymeric material. ,y 

The method of claim 1. wherein sa*d stop of uni- 
formly dispersing said solid panicles of said Ihera- 
peuiic drug In said polymeric material comprises 
one or more of coextruding said particles of said tS 
therapeutic drug and said polymeric malorial, caU 
sndaring said particles of said therapeutic drug and 
said polymeric material together, or solvent casting 
said particles of said therapeutic drug together with 
said polymeric material. 20 



35 



9. The method of claim 1 . f urlher including Ihe step of 
uniformly dispersing a porosigen in said polymeric 
matariai together with said therapeuDc drug. 

10. The maihsd of claim 9. whergin said step of uni- 
fcrrr.ly dispersing a porcsigsn in said pctymeric ma- 
lerial logeihsr with said therapeutic drug comprises 
coexiruding said porosigen together with said ther- 
apeutic drug and said polymeric maierial. 

1 1. The method of claim 9. lurlher including the step ol 
dissolving said porosigen in said polymeric maierial 
lo leave pores in said polymeric material. 

12. The method of claim 11, wherein said pores have a 
maximunri cross-seclional dimension ol about 10 
microns, 

13. The method of claim 1 1 . wherein said pores have a 
maximum cross-sectional dimension ol about one 
micron. 

14. The method of claim 1, further including th9 step of 
applying a rale-controlling membrane over said pol- 
ymeric maierial to control the release rate of said 
therapeutic drug from said polymeric material. 

15. The method ol claim 1 4. wherein said step of apply- 

ing a rale-controlling membrane over said polymer- SO 
ic material comprises forming said rale-conlrolling 
membrane lo include a unifomn dispersbn of a po- 
rosigen In said rale-controlling membrane. 

16. The method ol claim 15. further Including the step 55 
of dissolving said porosigen in said rale^onlrolling 
membrane to leave pores ui said rale -controlling 
membrane. 
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1 7. The method of claim 9 or claim 1 S. wherein said po- 
rosigen is selected from the group consisting of so- 
dium chloride, lactose, sodium heparin, polyethyl- 
ene glycol, polyethylene oxide/polypropylene oxide 
copolymers, and mixtures thereof. 

ta. The method of claim 1 . further Including the step of 
forming said polymeric maierial containing said 
Iherapeuiic drug as a sheet at least about 2S mi- 
crons thick. 

19. The method of claim 18. lurthcr including Ihe step 
of laminating said sheet ol polymeric material con- 
taining said Iherapeuiic dnjg to an miravascular 
slent siruclure. 

20. The method of claim 19. further including the step 
ol removing excess polymeric material laminaledlo 
said intravascular slent structure. 

21. A polymeric maierial containing a therapeutic drug 
lor application lo an intravascular stent for carrying 
and delivering said therapeutic drug within a blood 
vessel in which said intravascular stent is placed, 
comprising: 

a polymeric material having a rolativaly low 
thermal processing temperature; and 
particles of a therapeutic drug incorporated in 
said polymeric maierial, 

22. Tne polymeric material of claim 21. wherein said 
polymeric maierial has a thermal processing tem- 
pcraluro no greater than aboul lOO'C. 

23. The polymeric material of claim 21, wherein said 
polymeric maierial is selected from the group con- 
sisting of polycaprolactone. poly(athylene-covinyl 
acetaiQ). polytvinyl acelate). silicone gum rubber. 
poly-DL-lac1ic acid (DL-PU\). poIy-L-Iaclic acid (L- 
PLA). polyorthoesters. polyiminocarbonales. 
aliphatic polycarbonates, polyphosphaienes. and 
mixtures thereof. 

24. The polymeric material of claim 21. wherein said 
particles of said therapeutic drug can have a maxi- 
mum cross -sectional dimension of up to SO mi- 
crons. 



25. The polymeric material of claim 2i, wherein said 
Iherapeuiic drug is a drug selected Irom the group 
consisting of hepariri. O-pha-pro-arg-chloromethyl- 
ketone, dipyridamole, hirudin, recombinant hirudin, 
thrombin inhibiior. angiopeplin, angiotensin con- 
verting enzyme inhibitors, calcium channel block- 
ers, colchicine, libroblasl growth factor antagonists, 
«sh oil. omega 3-tatiy acid, tow molecular weight 
heparin, histamine antagonists, inhibitors of HMG- 
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CoA reaucase. meihotrexaie. monoclonal antibod- 
ies, nitfopfussida, phosphodiasierasa inhibitors, 
prcslacyclin and prostacyclin analogues, prostag- 
landir} inhibitor. PDGr antagonisls. ssrolon in block- 
ers, steroids, ihioprotease inhibitors, iriazolopyrimi- S 
dine, alpha -inierferon. and genetically engineered 
ecithalial cells, and mixtures thereof. 

26. Die polymanc malenal of claim 21. wherain said 
particles of said therapeutic drug compriso up to io 
70% ay weight of the lotai weight of the therapeutic 
drug and the polymeric malerial. 

27. The polymeric malerial of claim 21, wherein said 
particles of said therapeutic drug comprise up to is 
40% by weight of the total weight of the therapeutic 
drug and the polymeric malerial. 

26. The polymeric material ol claim 21 ..further compris- 
ing a porosigan unilormly dispersed in said poly- 

meric material. 

29. The polymeric malerial of claim 2B. wherein said po- 
rosigan is sslBctedJrom the group consisting of so- 
dium chloride, lactose, sodium heparin, polyathyl- ZS 
erg glycol. polyGlhylenGoxjdo/polypropyleno oxide 

copciy/nsrs. and mixtures thereof. 

30. The polymeric material of claim 21. wherein said 
polymeric material comprises a surface defining 30 
pores with a maximum cross-seclional dimension 

of less than about 10 microns. 



36. 



The polymoric material of claim 35. wherein said 
sheet of polymeric matenal containing said Ihera- 
peutic drug further is faminated to an intravascular 
stem structure. 



31. The polymeric material of claim 21 . further including 

a rals -com rolling membrane. as 

32. The polym.eric material of claim 31. wherein said 
raie-ccRtrollIng membrane is formed to include a 
Uniterm distribution of a porosigan. said porosigen 
being selected from the group consisting of sodium « 
chloride, laclose. sodium heparin, polyethylene gly- 
col, polyethylene oxide/polypropylene oxtde copol- 
ymers, and mixtures thereof. 

33. The polymeric malenal of claim 31. wherein said -ts 
rate-controlling membrane comprises a surface de- 
fining pores with a maximum cross -sectional di- 
mension of about tan microns. 



34. The polymeric material of claim 31, wherein said So 
rate-controlling membrane comprises a surface de- 
fining pores with a maximum cross-sectional di- 
mension of about one micron. 

35. The polymeric malerial of claim 21. wherein said ss 
polymeric material containing said Iherapeulic drug 

is formed as a sheet at least about 25 microns thick. 
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